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Effect of L-arginine on adrenal and renal blood flows during
hemorrhage in cats. Our earlier studies have shown development
of endothelial dysfunction in the feline renal artery during hem-
orrhagic hypotension. Because L-arginine (L-Arg), the precursor
of nitric oxide (NO), reportedly improves endothelial function in
several pathophysiological states including hypotension, we inves-
tigated its possible beneficial effect on the adrenal and renal
circulations during hemorrhagic hypotension in anesthetized,
ventilated cats. Hypotension (mean arterial pressure 50 mm Hg)
significantly increased vascular resistance and decreased blood
flow (radiolabeled microspheres) in both adrenal and renal cor-
tices. L-Arg (30 mg/kg bolus, 10 mg/kg/min infusion, i.v.) had no
significant hemodynamic effects in normotension but prevented
the increase of the vascular resistance and improved blood flow in
the adrenal cortex during hypotension. In the kidney, L-Arg also
prevented hemorrhage-induced vasoconstriction, although its ef-
fect on blood flow did not reach significance. The NO synthase
inhibitor NG-nitro-L-arginine (30 mg/kg bolus, 1 mg/kg/min infu-
sion, i.v.) increased adrenal and renal vascular resistances to a
similar extent as that observed during hypotension. It thus seems
that an L-Arg—reversible dysfunction of the endothelial NO-
synthesizing pathway contributes to hemorrhage-induced adrenal
and renal vasoconstriction.
We have previously shown that hemorrhagic hypotension
significantly reduces acetylcholine-induced or adenosine
triphosphate-induced, endothelium-dependent, nitric oxide
(NO)-mediated relaxation of the feline renal artery [1].
This alteration of renovascular reactivity may be important
in the development of the hemorrhage-induced constric-
tion in the renal vasculature. A similar hypotension-in-
duced endothelial dysfunction develops in the feline middle
cerebral artery and can be prevented effectively by L-
arginine (L-Arg), the precursor of NO [2]. L-Arg report-
edly improves renal plasma flow and glomerular filtration
rate after ischemia/reperfusion, a pathophysiological state
characterized by profound endothelial dysfunction [3]. We
thus hypothesized that excess exogenous L-Arg may have a
beneficial effect as well on renal and adrenal perfusion
during hypotension. Although the role of the L-Arg—NO
pathway in the regulation of renal and adrenal hemody-
namics has been studied extensively in dogs, rabbits, and
rats, few data are available for cats [4]. Because L-Arg
evokes nonspecific renovascular dilation in many species
[4], we first studied its effect on the feline renocortical
(RCBF) and adrenocortical (ACBF) blood flows and vas-
cular resistances (RCVR, ACVR) under resting physiolog-
ical conditions. We also studied the effect of the NO
synthase inhibitor NG-nitro-L-arginine (L-NA) on these
circulatory parameters to test our hypothesis that dimin-
ished NO production may lead to vasoconstriction and
blood flow reduction in the renal and adrenal cortices.
Finally, we examined a possible beneficial effect of L-Arg
on the renal and adrenal circulations during hypotension.
METHODS
Male cats weighing 2.5 to 3.5 kg were anesthetized with
50 mg/kg chloralose and 200 mg/kg urethane i.p. The cats
were artificially ventilated, and the volume and rate of
respiration were set to maintain arterial pO2 and pCO2 at
approximately 120 and 36 to 40 mm Hg, respectively.
Arterial pH was kept constant between 7.30 to 7.35, and
rectal temperature was maintained at 37°C. A stabilization
period of 30 minutes followed the completion of surgery.
The animals were divided into four groups. In the first
and second groups, the effect of i.v. L-Arg (30 mg/kg bolus
in 5-ml saline, 10 mg/kg/min infusion at 0.2 ml/min, N 5 9)
or L-NA (30 mg/kg bolus, 1 mg/kg/min infusion at 0.2
ml/min, N 5 7) was studied in normotension. RCBF and
ACBF were measured five minutes prior to and 15 minutes
after the start of L-Arg or L-NA administration with 15 mm
radiolabeled (57Co, 113Sn, 85Sr, 95Nb, or 46Sc) microspheres
[5]. Vascular resistance was calculated as mean arterial
pressure (MAP) divided by the blood flow. In the third and
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fourth groups, hypotension was produced either in combi-
nation with i.v. L-Arg infusion (dosed as mentioned earlier
here, N 5 6) or in combination with i.v. administration of
saline (same rate as shown earlier here, N 5 7). Hypoten-
sion was induced by stepwise bleeding from the right
femoral artery to an MAP of 90, 70, and 50 mm Hg. At each
step, the bleeding lasted for five minutes, and the MAP was
kept at a constant level for 15 minutes. ACBF and RCBF
were measured in normotension (5 minutes before starting
bleeding) and 10 minutes after the last hemorrhage step at
a stable MAP of 50 mm Hg.
Data are given as mean 6 SEM for N cats. For statistical
analysis, the Wilcoxon signed rank test and unpaired Stu-
dent’s t-tests were employed as appropriate. P , 0.05 was
considered significant.
RESULTS AND DISCUSSION
L-Arg i.v. influenced neither MAP nor adrenal or renal
hemodynamics in normotensive cats (Table 1). In contrast,
L-NA elevated MAP from 123 6 7 to 169 6 11 mm Hg
(P , 0.01) and significantly increased vascular resistance
and reduced RCBF and ACBF (Table 1). During hypoten-
sion, ACVR in the vehicle-treated animals increased to 250
6 81% (P , 0.05), and RCVR increased to 415 6 142%
(P , 0.01) of the corresponding prebleeding value. The
elevation of the vascular resistance was accompanied by a
marked decrease of RCBF and ACBF (Fig. 1). In the
L-Arg—treated cats, however, the posthemorrhagic vascu-
lar resistance values were not significantly different from
the prebleeding values (ACVR 88 6 18%, and RCVR 180
6 67% of control). L-Arg treatment improved ACBF
during hypotension, but its effect on RCBF did not reach
significance (Fig. 1).
These data show first that L-Arg, in contrast to its effect
in many other species [4], has no significant effect on the
adrenal or renal circulation in normotensive cats. Second,
hypotension induces adrenal and renal vasoconstriction
and hypoperfusion; these effects are similar to those in-
duced by the NO synthase inhibitor L-NA. Finally, exoge-
nous L-Arg prevents the hypotension-induced adrenovas-
cular and renovascular constriction and improves the
adrenal cortical perfusion during hypotension.
Basal release of NO is an important regulator of the
circulation, providing a resting vasorelaxant tone in several
organs. This observation that L-NA induces vasoconstric-
tion and reduction of the resting blood flow in the adrenal
and kidney confirms that basal NO production is important
for the maintenance of normal perfusion in these organs
too. Because exogenous L-Arg did not alter the hemody-
namics in normotension, L-Arg availability seems not to
limit NO generation under physiological conditions in cats.
The mechanism of the beneficial action of L-Arg on the
adrenal and renal circulations during hypotension is un-
known. Nonspecific dilation is unlikely, as L-Arg did not
have a significant effect in normotensive cats. The possibil-
ity that exogenous L-Arg attenuates hemorrhage-induced
renovascular constriction by preventing the exhaustion of
the endogenous L-Arg pools, however, should be consid-
ered, because enhanced NO formation during hypotension
may lead to L-Arg depletion, thus reducing renal perfusion
[6]. We have previously demonstrated that the endotheli-
um-dependent, NO-mediated relaxation of the feline renal
artery is reduced significantly in hypotension. We proposed
that this alteration of the renovascular reactivity may be
Fig. 1. Blood flow in the adrenal (ACBF) and renal (RCBF) corticies
during hemorrhagic hypotension in vehicle-treated control (f) and
L-arginine (M) (L-Arg)-treated cats. Values are expressed as percentages
of the steady-state ACBF and RCBF measured before the onset of
hemorrhage. *P , 0.05 versus control.
Table 1. Adrenocortical (ACBF) and renocortical (RCBF) blood flows and vascular resistances (ACVR, RCVR) before and 15 minutes after the
onset of L-arginine (L-Arg) or NG-nitro-L-arginine (L-NA) infusion
Before
L-Arg
After
L-Arg
P
value
Before
L-NA
After
L-NA
P
value
ACBF, ml/g/min 2.86 6 0.35 3.14 6 0.35 NS 3.07 6 0.53 0.83 6 0.17 ,0.01
ACVR, mm Hg/ml/g/min 53.3 6 7.0 47.7 6 6.9 NS 48.1 6 9.7 251.2 6 43.6 ,0.01
RCBF, ml/g/min 3.62 6 0.54 3.89 6 0.57 NS 4.33 6 0.32 1.76 6 0.18 ,0.01
RCVR, mm Hg/ml/g/min 45.3 6 7.3 43.8 6 9.5 NS 29.7 6 3.4 103.7 6 16.0 ,0.01
Data are means 6 SEM.
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important for the development of renal vasoconstriction
during hypotension [1]. L-Arg depletion may contribute
significantly to the development of renovascular endothe-
lial dysfunction, because in the absence of L-Arg, NO
synthase may produce superoxide free radicals [7, 8].
Therefore, prevention of the superoxide-induced endothe-
lial damage may contribute significantly to the beneficial
circulatory action of L-Arg during hypotension.
In conclusion, our data demonstrate the importance of
the L-Arg—NO pathway in the regulation of ACBF and
RCBF during hemorrhagic hypotension and support the
hypothesis that an L-Arg reversible dysfunction of the
endothelial NO production contributes to hemorrhage-
induced adrenal and renal vasoconstriction.
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APPENDIX
Abbreviations used in this article are: ACBF, adrenocortical blood flow;
ACVR, adrenocortical vascular resistance; L-Arg, L-arginine; L-NA,
NG-nitro-L-arginine; MAP, mean arterial pressure; NO, nitric oxide;
RCBF, renocortical blood flow; RCVR, renocortical vascular resistance.
Reprint requests to Zolta´n Benyo´, MD, Department of Physiology, Ludwig-
Maximilians University, Pettenkoferstr. 12, D-80336 Munich, Germany.
E-mail: u7232ah@sunmailhost.lrz-muenchen.de
REFERENCES
1. SZABO´ C, FARAGO´ M, HORVA´TH I, LOHINAI Z, KOVA´CH AGB:
Hemorrhagic hypotension impairs endothelium-dependent relax-
ations in the renal artery of the cat. Circ Shock 36:238–241, 1992
2. SZABO´ C, CSA´KI C, BENYO´ Z, REIVICH M, KOVA´CH AGB: Role of the
L-arginine-nitric oxide pathway in the changes in cerebrovascular
reactivity following hemorrhagic hypotension and retransfusion. Circ
Shock 37:307–316, 1992
3. CHINTALA MS, CHIU PJS, VEMULAPALLI S, WATKINS RW, SYBERTZ
EJ: Inhibition of endothelial derived relaxing factor (EDRF) aggra-
vates ischemic acute renal failure in anesthetized rats. Naunyn-
Schmiedebergs Arch Pharmacol 348:305–310, 1993
4. NAVAR LG, INSCHO EW, MAJID DSA, IMIG JD, HARRISON-BERNARD
LM, MITCHELL KD: Paracrine regulation of the renal microcircula-
tion. Physiol Rev 76:425–536, 1996
5. HEYMANN MA, PAYNE BD, HOFFMAN JIE, RUDOLPH AM: Blood flow
measurements with radionuclide-labeled particles. Prog Cardiovasc
Dis 20:55–79, 1977
6. RADERMACHER J, KLANKE B, KASTNER S, HAAKE G, SCHUREK H-J,
STOLTE HF, FRO¨LICH JC: Effect of arginine depletion on glomerular
and tubular kidney function: Studies in isolated perfused rat kidneys.
Am J Physiol 261:F779–F786, 1991
7. PRITCHARD KA JR, GROSZEK L, SMALLEY DM, SESSA WC, WU M,
VILLALON P, WOLIN MS, STEMERMAN MB: Native low-density li-
poprotein increases endothelial cell nitric oxide synthase generation
of superoxide anion. Circ Res 77:510–518, 1995
8. XIA Y, DAWSON VL, DAWSON TM, SNYDER SH, ZWEIER JL: Nitric
oxide synthase generates superoxide and nitric oxide in arginine-
depleted cells leading to peroxynitrite-mediated cellular injury. Proc
Natl Acad Sci USA 93:6770–6774, 1996
Benyo´ et al: Adrenal and renal effect of L-Arg during hypotension S-223
